This paper will propose a complete solution with a novel simulation set up to get the final vibration data of seated human body inside an automobile structure without carrying out measurement tests. Furthermore, it will improve the existing technology in assessing the dynamic interaction between the human body and a car seat subjected to different conditions and establish a clear idea about the vibration effects, vibration transmissibility, damping, variable stiffness, natural frequencies, modal analysis, random vibration, harmonic aspects, mode superposition, response spectrum, transient effects etc. The research will provide a novel solution of the entire system rather than focussing only on a very specific portion of the system, thus, trying to close the gap in present technological areas and omitting the time consuming and expensive testing methods in the modern industries. This research will contribute a cutting edge landmark by providing a simulation model to predict final vibration level inside the human body and car seat to avoid the time consuming and expensive testing methods. It will help better understanding the impact and estimation of the vibration level inside the car seat and occupant human body.
Introduction
In the recent years, characterising the dynamic interaction between the human body and moving vehicle is playing a significant role to determine the comfort and safety levels of various ranges of carriage systems.
Dynamic behaviours are widely investigated in the aviation, railway, automotive, and many other transportation industries where the portions of system or subsystem are exposed to vibrations and unwanted stresses along with deformations. Hence, the necessity arises to design these system or subsystem inside the major mode of transportation for the extreme conditions and worst case scenarios.
Automobiles are one of the primary means of transportation worldwide and must offer high level of comfort and safety to the drivers and passengers. Car seats made of nonlinear polyurethane foam cushions and the seated passenger body both are considered to exhibit non-linear mechanical behaviours.
Vibration is the most important factor for determining the level of comfort and safety and random vibration is the key factor for generating high level of stress inside the automobile bodies by means of harmonic excitation and large deformation. The dynamic interaction between the automobile seat and human body is very complex phenomenon, thus an overall evaluation is required based on.
Overview of the Existing Technologies Numerical simulation
Numerical simulations and mathematical models have been developed over many years on the certain portions of either human body or car seat or automobile to characterize, monitor, measure and assess the nature and level of vibration and its effects on the natural frequencies. During the simulation of complete vehicle dynamics [1] using FE code Abacus clearly states that cause of high costs of developing new vehicle models, computer simulations of vehicle dynamics including vibration becoming more and more important in the development process.
Study performed on development of the biodynamic model of the seated human using multi Degree of Freedom (DOF) theory and mathematical algorithms using two models of 4-DOF and one model of 7-DOF [2] , which evaluated the range of vibration transmissibility based on the optimized critical factors like frequency, stiffness and damping co-efficient ( Figure 1 ). This theoretical model is recommended to study the biodynamic responses of seated human exposed to vertical whole body vibration, though, full car body including seat and human is preferable to find the actual frequency.
Quarter car model was examined [3] using lumped parameters and Maxwell's vibration theorem which co-relates the damping ratios and damping co-efficient used in car vibration and shows the regions of reduced vibration response with respect to damping and series stiffness. It is understood from this research that using the series stiffness helps to reduce the overall damping inside a car.
Pre-stressed car seat kinematics along with contacts to the human body was considered with a conclusion that the establishment of the contacts between the seat and the human body was the most important factor for effective simulation results, while similar kind of research [4] showed the relationship between vibration and acceleration at different areas of car and pointed out vibration distribution as the major issue inside the car. Studies conducted on numerical interpretation of the vibration transmissibility in between the human body and car seat which concluded that a system with reduced frequency level could increase the vibration magnitude and showed the response of the body to vibration to exhibit non-linearities with respect to vibration magnitude. Vibration resonance behaviour for the car seat was studied [5] and found that energy loss in the car seat was primarily due to the upper platen movement and not all type of seats were ideal for absorbing vibration energy near the primary resonance frequency. Similar studies were carried out [6] on seated human body in car seat which suggested that the forces causing issues during whole-body vibration could not be well-predicted by biodynamic models unless the body motion and seating posture were not taken into account. This analysis can be improved with further research by considering complex combination of factors including the biodynamic responses to whole-body vibration. A finite element model was developed for the contact between seat cushion and human body [7] which determined the locations of the maximum and minimum vibrations level at the interface of human and car seat, with varied frequency. This simulation method is useful for designing the seat to reduce the vibration transmission, but, describes the problem in 2D environment and can be developed further with a three dimensional finite element model.
Harmonic vibration analysis through finite element approach was carried out only on the Car Bonnet [8] within a frequency range of 1-100 Hz to show the vibration amplitude at different frequencies. The engine considered was in ideal condition at 1000 rpm and stated that the frequency on the car bonnet is greater than 20 Hz well away from the engine excitation of 16 Hz. Similar kind of analysis was carried out [9] on simulation on the vibration transmission inside engine components, where stiffness values and damping co-efficient were chosen based on engineering data and described that the location of the accelerometers for measuring vibration played vital roles for monitoring the vibration inside the system. Vibration inside human portion was investigated [10] through finite element to find out the resonance frequency of vibration at different spinal segment and concluded that the vibration amplitudes at different points of a particular human segment are different. The results obtained are very similar to the other studies on investigation of vibration characteristics [11] and dynamics of human lumbar intervertebral joints [12] .
Vibration measurement
Although, the numerical simulations can define the level and nature of vibration and its transmissibility up to a certain stage, vibration measurement techniques have also been gaining importance for last several years to fill the limitations of the theoretical models.
The importance behind the vibration measurement of the car sear and human body was explored [13] based on the vibration standard ISO 2631-1 (1997) along with the comparison of the measured vibration values by taking into account the resonant frequencies and mode shapes at different location of the car seat.
Usually the vibration and its transmissibility are measured using accelerometer at the centre of the car seat; though, the transmissibility measured at central area is not accurate to measure the vibration and car body interactions considering the seat properties, human body, stiffness, damping and finite element analysis. The outcome demonstrated the simulation model with variable seat thickness and the human which concluded the transmissibility of accelerations from seat to human body strongly dependant on the types of the seat and human position. It also recommended having a more in depth investigation for vertical vibrations to improve the multi-body human model for analyses of vertical vibrations, though, no frame and spring bed had been taken into account and no standard for seat pressure like ISO 2631 had been followed. This was very similar to what was found during the measurement and modelling of seating dynamics to predict seat transmissibility [23] which considered seat cushion properties, human structure, stiffness, damping and finite element modelling with a conclusion that the characteristics of thickness of the seat could affect the transmission of the vibration through a seat to the occupant. It recommended more investigations on vibration transmission affected by the seat position and human contact conditions. Both the approaches limited their studies to the simulation and experimental set up without conducting any real life vibration measurements.
Some studies introduced the testing of the whole body vibration in different seated conditions [24] and given a data set of the frequencies and damping ratios with respect to the human mass. Two case studies had been carried out for two individuals with 50kg and 95kg masses which clearly gave a graph of co-relation between the factors like damping, mass and frequency. A finite element model was also established to compare the results obtained from the test set up which concluded that further research would be necessary for optimizing the vibration characteristics with respect to individual posture.
Proposal of a Novel Technique and Related Works
There will be five technical phases of this research study (Figure 2 ).
Bio-Dynamic simulation of human body
This section discusses the methodology used in this research. Construction of a mathematical model is the classic and convenient way for generating vibrational effects. Area or subassembly of interest can be separated from rest of the systems and the equation for forced and damped spring-mass system can be implemented to it. Starting from these basic equations, modal matrix can be achieved through consecutive iteration processes, which ultimately can yield a mathematical model for bio-dynamic responses of the seated human body. Simulation through finite element method, preferably Abacus or Ansys, can be used to evaluate the biodynamic response of the seated human body inside the car using non-linear approach.
Damping, variable stiffness, natural frequencies, modal analysis, random vibration, harmonic aspects, mode superposition, response spectrum, transient effects etc. all the possible scenarios will be taken into account for setting up a comprehensive bio-dynamic simulation model. The simulations set up can be carried out using Abacus or ansys, transmission to occupant body. It is shown that the measured vibrations at the central location of the car seat are based on only on the fundamental frequencies in the range of 1-10 Hz [14] . The similar ranges of frequencies are shown during the study of structural dynamic characterization [15] , while coupling of the human body and the car seat occurs in the frequency range of 10-50 Hz. Furthermore, same study found three resonant frequencies and three corresponding vibration modes of the car seat below 80 Hz [15] . Experimental observation on the human body seated on car seat [16] showed that the fundamental mode was appearing at 4.2 Hz for all transmissibility's, while the head transmissibility showed two mode shapes at 4.2 and 7.7 Hz.
An experimental car (Ford Focus, Zetec, 2.0L, V817 LAR) was used [17] with two sample weights of 80kg and 70kg at a speed of 35-45 miles per hour in 4th gear to investigate the level of vibration transmission to the car seat and the results showed that the primary peak of the transmissibility occurred around at 4-5hz. These results show that a single-input and single-output model is not adequate to examine the vibration analysis to a car seat in the horizontal direction but, can be used for the vibration transmission of vertical vibration. Furthermore, it has been reported by the study on fore-and-aft transmissibility of backrests [18] and Nonlinearity in the vertical transmissibility of seating [19] that the transmissibility of seated human body varies with vertical position.
Work carried out on estimating the essential stiffness and damping values [16] with respect to human mass of multi degree of freedom human body and car seat systems and given the valuable data as shown in Table 1 .
A compact measurement testing system was used to evaluate the vibration [20] using accelerometers, acquisition unit and a standard laptop. The testing was conducted on passengers seated inside a Skoda sedan car in an academic research environment and was not compliant with the ISO 8041 Vibration Standard. The aim of the research was to have the in-house arrangements for measurements of vibrations at low price without the need of any specialized equipment. Similar kind of testing was carried out on the vehicle vibration [21] . On the first interval of 0-48sec the average vibrations of the wheel and chassis were measured as 21.2mm/s and 6.1mm/s, respectively, while on the second interval of 48-112sec the average vibrations of the wheel and chassis were measured as 12.7mm/s and 4.5mm/s, respectively.
Combined numerical simulation and measurement of the vibration
Only very limited literatures are found where efforts have been made to carry out investigations on both the numerical simulation and the measurement procedure of the vibration in the car seat and seated human body inside a car.
Comprehensive study on the numerical tools for comfort analyses of automotive seating [22] was carried out to investigate the human though the same can be achieved using Mat lab as well.
Non-Linear simulation of mechanical behaviour of car seat
Numerical and non-linear finite element simulations will be carried out using some preferable CAE package to understand the material nonlinearity of polyurethane foam cushions and the effect of the leather or fabric covers on the vibration transmission of the seat.
Simulation to determine the contact between human and seat
Modelling of the dynamic contacts between the human body and the seat will be main challenge in the phase three.
Simulation of entire set up under real life car motion
In the fourth phase, numerical and computer simulations of the car seat along with the human body under real life car motion will be developed. This phase will help to evaluate vibration transmission of the seat and dynamic response of the driver or passenger.
Comparison of test and simulation data
Once the numerical and simulation models are established for all the phases, phase five will be initiated which will involve gathering the test data and comparing to the simulation result. Estimated test set up and output will be as follows (Table 2) . Once all the simulation and testing data are gathered, a matrix based comparison model will be established.
Conclusions
Numerical simulations and mathematical models have been developed over last many years on the certain portions of either human body or car seat or automobile to characterize, monitor, measure and assess the nature and level of vibration and its effects on the natural frequencies.
Though, the numerical simulations can define the level and nature of vibration and its transmissibility up to a certain stage, vibration measurement techniques have also been gaining importance for last several years to fill the limitations of the theoretical models.
Efforts have also been made to carry out investigations on both the numerical simulation and the measurement procedure of the vibration in the car seat and seated human body inside a car, though numbers of case studies carried out both on the simulations and measurements are very less. Some technologies have been achieved to judge the dynamic interaction between the human body and a car seat, though those technologies cover only either effects of vibration or dynamics or measurement techniques or small portion of the car and human body without considering all the real life factors like pre-stressed bodies, variable stiffness, equivalent stiffness and damping factors based on the behaviour of the human muscles, bones and postures.
Approaches to provide a comprehensive solution to estimate the effects of vibration without real life testing have not been carried out by the existing technologies very well. More than that the existing technologies investigate only a particular module of the entire humancar dynamic systems like a specific human part, seat and human interaction, vibration transmission from seat to human body or only the efficient measurement technique.
The aim of this project is to provide a unique simulated system considering all the critical factors like pre-stressed bodies, mode superposition, harmonic effects, frequency response, random vibration approach, nonlinear transient effects, variable stiffness and testing data. Outcome of the study will evaluate the vibration levels inside the seated human body inside a car without carrying out real-life practical testing and this study will provide the solution of the entire system by linking all the module-wise investigations. It will provide the novel solution to contribute to the knowledge of the entire system rather than focussing only on a very specific portion of the system, thus, trying to close the gap in present technological areas and omitting the time consuming and expensive vibration testing methods in the modern industries.
Successful completion of this project will lead the various industries to avoid the time consuming and expensive testing methods and help better understand the impact and estimation of the vibration level and vibration transmission inside the car seat and occupant human body. 
